Background: Nowadays over-the-counter (OTC) drugs and dietary supplements are widely used. Their use can have a significant impact on the validity of laboratory results. The aim of this multicenter European study was to determine the frequency of consumption of various dietary products and OTC drugs among patients and explore their level of knowledge and awareness about the potential impact of various products on laboratory test results. Methods: Eighteen European countries participated in this study. The survey was carried out anonymously on a subsequent series of outpatients (n = 200) in each participating country. Included were patients who were referred to the laboratory for blood sampling and who voluntarily
Introduction
There is ample evidence in the literature confirming the effect many of over-the-counter (OTC) drugs, dietary supplements (juices, various herbal preparations) and other preanalytical factors on laboratory test results [1] [2] [3] [4] . These effects are exerted through direct (e.g. consumption of minerals) and indirect (e.g. induction or inhibition of various enzymes) mechanisms and may be divided into acute (e.g. increase of glucose concentration after coffee consumption) and chronic (e.g. increase of liver enzymes as a consequence of alcohol consumption) [5] .
Many OTC drugs and dietary supplements are widely used by patients (e.g. ginkgo extracts for dementia and memory loss, Sylibum marianum for improved liver function, garlic for atherosclerosis and lipid reduction, herbal remedies to complement conventional therapy, etc.), healthy adults (vitamins, minerals, proteins, non-steroidal anti-inflammatory drugs, vinegar, etc.) and even children [6] [7] [8] [9] . Their use can have a significant impact on the metabolic processes, the effect of simultaneously used drugs prescribed by the physician and the validity of the laboratory results.
On average, an American household annually spends 338 US dollars on OTC products (drugs and dietary supplements) [10] . According to German Federal Health Reporting, OTC self-medication in Germany in 2006 represented a market with an annual sale of over 5.4 billion Euros, whereas the annual expenditure in USA on more than 85,000 different combinations of vitamins, minerals, botanicals, amino acids, probiotics and other supplement ingredients rose to nearly 32 billion US dollars [11, 12] . Obviously, OTC products are considered as an attractive medical alternative due to their affordability and accessibility, but also because it is generally believed that OTC products are safe and healthy.
Unfortunately, despite such prevalent use of OTC drugs, herbal medicines and dietary supplements in the general population, users are mostly uninformed about how they affect their health, metabolism, drug interactions and possible effect on the results of blood tests. One recent study in Australia showed that pharmacy staff often fail to provide sufficient spoken information to OTC users. Furthermore, in the same study consumers tended not to read OTC labels or leaflets, especially if they were familiar with the product [13] . Moreover, as was nicely demonstrated by a recent Israeli study on children aged 0-18 years, although the use of complementary and alternative medicine was common among hospitalized pediatric patients, it was very often undocumented in medical records and commonly overlooked by the medical staff [14] .
There is not much data in the literature about the frequency of consumption of various dietary products, vitamins or OTC drugs among the users of laboratory services. Their awareness and opinions about the potential impact of various products on laboratory test results is also unknown. Failure to share this information with the laboratory staff may cause erroneous and misleading results and lead to diagnostic errors.
Our hypothesis was that the users of laboratory services very commonly consume self-prescribed OTC drugs and/or other dietary supplements. We also hypothesized that they are unaware of the effect such products have on laboratory test results. Finally, it was our belief that they are neither reporting the use of such products to their physician nor to the laboratory staff.
The aim of this multicenter European study was therefore to: (i) determine the frequency of consumption of various dietary products, vitamins or medicaments among the users of laboratory services. (ii) determine the level of knowledge, awareness and opinion of users of laboratory services about the potential impact of various products on laboratory test results.
Materials and methods
This study was conducted in the period of January 2015-October 2015. An invitation was sent to 18 randomly selected European countries of which 17 agreed to participate. In total 18 countries participated in this study (Croatia and 17 other European countries). The list of participating laboratories is presented in Table 1 . All participating countries received detailed instructions on how to perform the survey. In terms of epidemiology, age groups as well as the gender of participants were registered. The survey was carried out anonymously on a subsequent series of outpatients who were referred to laboratory for blood sampling and who voluntarily agreed to participate in the study. Details about the Institution where the survey was conducted were collected for each participating country.
The survey was translated into the local language of each participating country. If required by the local institutional policy, ethical approval was granted for the study by the respective Institutional Ethical Committee (Portugal, Turkey and Bosnia and Herzegovina). The survey included questions about the frequency of consumption of various products, awareness of the importance of informing physicians and laboratory staff about it and information about influence of preanalytical factors in general on laboratory test results ( Figure 1 ). Each country was asked to collect 200 surveys. Raw data were sent to the team in Croatia, for data entry and analysis.
Statistical analysis
Statistical analysis was performed using EXCEL (Microsoft, Redmond, WA, USA) and MedCalc statistical software 12.7.2.0 (MedCalc Software, Ostend, Belgium). Data are presented as counts/numbers and percentages. χ 2 -and z-Tests were used to compare frequencies and proportions between categories. Level of significance was set at 0.05.
Results
Two-hundred patients were surveyed in each participating country (n = 18). With the exception of four countries, patients were always interviewed by the laboratory staff. In Austria and Slovenia patients filled out the form themselves, whereas in Bosnia and Herzegovina and Lithuania surveys were collected in a combined manner (some patients filled questionnaires themselves, while some were assisted by the laboratory team).
Out of 3600 patients who participated in this study, 2238 (62%) were females. Most of the participants (68%) were in the age ranges 26-45 and 46-65 years (35% and 33%, respectively), whereas only a minority was under the age of 25 (13%) or above 65 years (19%). In the entire group, 68% of patients were regularly taking at least one OTC drug or dietary supplement. The frequency of patients consuming at least one OTC drug or dietary supplement differed significantly between countries (p = 0.001, Figure 2 ).
In the entire group of patients, women were more likely to take at least one OTC drug or dietary supplement than men (71% vs. 62%, p < 0.001). Patients in the age of 46-65 were most likely to take at least one OTC drug or dietary supplement, relative to younger and older patients (p < 0.001).
Most commonly used drugs and dietary supplements in our study were vitamins (38%), minerals (34%), cranberry juice (20%), acetylsalicylic acid (ASA) (17%) and omega fatty acids (17%) (Figure 3 ). The category Other contained OTC drugs and dietary supplements which were not included in the questionnaire, such as hyaluronic acid, aronia juice, chia seeds, echinacea, proteins and carnitine, apple cider vinegar capsules, garlic capsules, guarana, green magma and some other, none of them presented in the entire survey population with a frequency of use >1%.
The frequency of the most commonly used OTC drugs and dietary supplements differed significantly between countries (p < 0.001, Table 2 ).
Countries with the highest overall rate of consumption of individual OTC products and dietary supplements were Turkey, Russia, Hungary and Croatia. Slovenia, Austria and Portugal had the lowest frequency of OTC and dietary supplements use among the surveyed populations. There was a ten-fold or even greater difference between the frequency of the use of some individual OTC products and dietary supplements (e.g. 3% vs. 60.5% for ASA, 1.5% vs. 36% for weight loss products, in Slovenia and Turkey, respectively) between Slovenia and Turkey.
Informing the physician and laboratory staff
Replies to questions 2-5 are presented in Tables 3 and 4 . In those patients who were taking at least one OTC drug or dietary supplement (n = 2429), 49% replied negatively when asked if their physician knew about it. Countries where most patients did not share this information with their physician were Turkey (82%) and Albania (65%), whereas countries where most patients had disclosed this information with their physician were Denmark (73%), Lithuania (70%), Austria (63%) and Macedonia (63%).
When asked whether it is important to inform their physician, 70% of surveyed patients (n = 3600) replied positively. The frequency of positive response to this question ranged from 55% (Russia) to 82% (Lithuania). Interestingly, although patients predominantly did not share the information about their consumption of OTC drugs or dietary supplements with their physician in Turkey and Albania, the majority of them still believed that it is important to inform their physician about it (63% and 73%, in Turkey and Albania, respectively).
Patients across all age groups were equally likely to inform their physician (p = 0.373), whereas women were more likely to inform their physician about the use of various OTC drugs and dietary supplements than men (p = 0.001).
Only 55% of participants considered it important to inform the laboratory staff about their consumption of OTC drugs and dietary supplements. More patients felt that they should share this information with their physician rather than with the laboratory staff (70% vs. 55%, p < 0.001). Out of those who considered they should inform their physician about their consumption of OTC drugs and dietary supplements, 30% did not consider it important to disclose this information to the laboratory staff.
Countries where more than 2/3 of patients considered they should inform the laboratory staff about their consumption of OTC drugs and dietary supplements were Macedonia (79%), Slovenia (70%), Bosnia and Herzegovina (67%) and Poland (67%). Countries where the lowest proportion of patients felt they should share this information with the laboratory staff were Denmark (43%), Hungary (43%), Spain (40%) and Slovakia (37%). 
The effects of preanalytical factors on test results
When asked if intense physical activity or consumption of alcohol, coffee, grapefruit and any of the products from Table 1 in the questionnaire on the day before the blood sampling, or broccoli 3 days before the blood sampling, may affect laboratory test results, surveyed patients were most concerned with alcohol (76%) and intense physical activity (52%), whereas they were least concerned with the consumption of grapefruit (30%) and broccoli (20%). Spain was the country with the highest level of awareness among patients about the effect of consumption of some products from Table 1 on the day before the blood sampling (89%) and intense physical activity (74%) on laboratory test results. Patients in Denmark (38%), Hungary (38%) and Slovenia (36%) were least aware of the effect of the intense physical activity the day prior to blood sampling could have on laboratory test results. Less than half of the surveyed patients knew that some OTC drugs and dietary supplements could affect laboratory test results (47%). Especially low awareness about it was observed in Turkey (26%), Slovakia (27%), Macedonia (28%), Russia (30%), Austria (31%) and Albania (32%).
A high proportion of patients in the entire group considered that consumption of coffee on the day before the blood sampling may affect the results of laboratory testing (41%) with additional 18% of participants who stated they were unsure about this matter.
Discussion
Key observations of our study are as follows: a substantial number of the users of laboratory services in 18 European countries are taking different dietary supplements and various OTC drugs and a large proportion of these patients do not consider they should disclose this information with the laboratory staff and/or responsible physician. Moreover, these patients are not aware of the potential effect various dietary supplements, OTC drugs, coffee, alcohol and physical activity may have on the laboratory test results.
Our observations indicate that dietary supplements and OTC drugs are more frequently used by middle aged patients and that women are more frequent consumers than men, which is in line with other similar reports in the literature. According to the National Health and Nutrition Examination Survey (NHANES) data, the use of dietary supplements in USA is widespread among US adults (53% in [2003] [2004] [2005] [2006] and is increasing over time [15] . USA women are more commonly consuming dietary supplements than men and most common dietary supplements used are multivitamins and multiminerals. This is in line with our data, which indicate that vitamins and minerals are the most frequent dietary supplements among the users of laboratory services in most European countries, with some exceptions (cranberry and ASA were more prevalent than minerals and/or vitamins in some countries, e.g. Albania, Russia, Turkey and Montenegro).
Proper patient preparation is of great importance for achieving accurate and reliable test results as well as for their appropriate interpretation. As proposed by the Working Group for Preanalytical Phase (WG-PRE) of the European Federation for Clinical Chemistry and Laboratory Medicine (EFLM) blood for all blood tests should be taken preferably in the morning (7:00-9:00), after an overnight fast (12 h). During that time, water consumption is permitted, but consumption of alcohol should be avoided for 24 h before blood sampling. Also, in the morning on the day of the blood sampling, patients should refrain from cigarette smoking, tea, coffee and other caffeine containing drinks [16] .
Besides being in a fasting state, patients should make sure to avoid any extraordinary or unusual physical activity (marathon running, cold water swimming, etc.) as well as sporadic consumption of any compound which may have an effect on laboratory test results, in the days preceding the blood sampling. Many of the compounds (cinnamon, red rice, cranberry, bitter orange, cayenne pepper, broccoli, grapefruit, etc.) which are known to affect laboratory test results are nowadays widely available as OTC products and dietary supplements.
The list is long and potential effects range from mild to serious. For example, cinnamon ingestion 12 h before the blood sampling or even simultaneous with blood sampling causes a significant decrease of blood glucose and improves insulin sensitivity [17] . Weight loss pills containing cayenne pepper, bitter orange and amphetamine have been demonstrated to lead to myocardial injury accompanied by an increase in concentrations of troponin and CK-MB through the activation of the sympathetic nervous system [18] [19] [20] [21] . Consumption of red rice and green tea extract have been associated with liver enzyme abnormalities [22] [23] [24] . Red rice is also known to inhibit the HMG-CoA reductase, enzyme involved in the cholesterol synthesis and thus lead to decrease of cholesterol concentration [25] . Cranberry has been reported to increase the activity of paraoxonase, lower PSA and regulate the expression of androgen-responsive genes [26, 27] . Grapefruit and clementine juice may lead to increased tacrolimus trough concentrations in renal transplant patients due to induction of several drug transporters and drug metabolizing enzymes [28] . Gingko biloba and Sylibum marianum are known to modify the activity of microsomal enzymes and through this mechanism affect the metabolism of many drugs [29, 30] . Broccoli is a potent enzyme inductor, highly effective in protecting the liver from various xenobiotic substances through the induction of detoxification enzymes, glutathione synthesis thus reducing the oxidative stress level [31, 32] . The effects of some dietary supplements and dietary products have been studied in animals but not yet on humans, like the effect of propolis on hematological and serum biochemical parameters in birds and on dementia in rats [33, 34] .
Due to all the mentioned issues the self-prescribed use of various OTC drugs, herbal medicines and dietary supplements obviously raises some patient safety concerns. If consumed within the short period before blood sampling, the above listed compounds may cause changes in laboratory test results. Such test results are very difficult to interpret if information about the consumption of the substance underlying or causing these changes is not disclosed to the laboratory staff and ordering physician.
Our study shows that patients are not aware of the need to inform their physician and laboratory staff about the OTC products they are using. This finding is also in line with other findings in the literature: in a study by Tarn and colleagues, only 46% of patients disclosed the use of dietary products to their healthcare provider [35] . This study also suggested that education of healthcare providers might increase the rate of patient disclosure of dietary supplements to the healthcare staff. Another study in Serbia on 288 patients who were taking some herbal medicines or dietary supplements found that even 88.9% of the study participants did not consider it necessary to inform a physician or a pharmacist about their use of herbal medicines or dietary supplements during their therapy with a conventional drug [36] . This study also confirmed that the use of herbal medicines or dietary supplements was more common among middle-aged women, which is fully in line with our observations. The fact that our study participants were more likely to disclose their use of OTC products to their physician than to the laboratory staff indicates a low level of awareness of laboratory users about the potential effect of various OTC products on laboratory test results.
There are many reasons due to which patients may not be willing to share the information about their use of non-prescribed medicines and dietary supplements to the healthcare staff: lack of understanding of the potential effects of the OTC product, low perception of potential risk associated with OTC products, negative attitude of healthcare professionals about complementary medicine, lack of awareness by hospital staff regarding such practice being the main ones [37] .
A multifaceted approach is necessary to address this problem. Educational interventions targeting both healthcare professionals and patients seems like an obvious remedy to this problem. Moreover, clinicians ordering the tests and laboratory staff should be more engaged with patients by asking them direct questions about the use of various self-prescribed products. Educational posters in the waiting areas is another good way to inform patients about the importance of disclosing relevant information to the laboratory staff prior to blood sampling. A standardized questionnaire to be fulfilled before phlebotomy, regarding some most frequent preanalytical factors (including OTC products) which influence laboratory test results, could be one good solution.
Finally, it is up to the regulatory agencies to implement more stringent rules of approval for OTC products which certainly need to include the list of potential sideeffects as well as list of potential laboratory abnormalities. New compounds surface every day, and the number of new tests is also increasing. As stated clearly earlier in the discussion, the number of different compounds to interact with the test results are vast. So, how do we keep up our knowledge on this? One potential solution might be an international OTC library, which may be interconnected with our laboratory information systems.
Our study has some limitations. Although we included a large group of patients, the number of patients per each country is rather small. Due to the limited number of participants per country, the respective sample size might not be representative of the entire population of that country. However, even if small by a single country, the overall number of patients included in this study is significant, just as significant is the territorial representation. The overall picture definitely points to the underestimation of the problem. As already stated in the Introduction, there is not much data in the literature about the frequency of consumption of various dietary products, vitamins or OTC drugs among the users of laboratory services, so we hope that this paper could help in improving the awareness about the issue among laboratory professionals. One might also argue that at least in some large European countries large differences in the use of OTC drugs might exist between urban and rural areas. This issue certainly deserves to be addressed in some further studies.
Also, we are aware that our sample might not be representative of a general population. The enrolment of the outpatients in our study might be a source of bias, as we have only included patients who were visiting a laboratory at the time of the study, instead of recruiting randomly recruited individuals from a general population.
Nevertheless, we hope that our results provide at least some preliminary insight into the issue, pointing to the need for more extensive work in this field. Obviously, further well-designed studies with a larger number of patients are needed to confirm our observations. Although all countries were given instructions on the recommended way to perform the survey, there were differences in the way patients were providing their responses. These differences might have influenced the results of our study. Moreover, the observed differences between countries relative to their rate of consumption of OTC products are difficult to interpret without more demographic data. Some future studies will hopefully address this issue and explore whether there are some cultural, socio-demographic reasons underlying these possible differences.
Conclusions
There is a high prevalence of the use of various OTC drugs and dietary supplements among the users of laboratory services in Europe. This fact is easily overlooked, as patients are often not willing to disclose this information to the laboratory staff. It is important to note that the patients are neither sufficiently informed nor aware about the potential impact of these compounds on the laboratory test results. Education of both patients and healthcare staff is warranted to improve this situation in order to minimize the risk of preanalytical errors and ensure quality of laboratory and health service in general.
